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(54) ORGANIC ELECTROLUMINESENT ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the stability and 
durability by holding at least one layer containing at least 
one kind of compound having a specific structure between a 
pair of electrodes. 

SOLUTION: The compound used has a structure expressed 
by the formula, wherein Ar1 to Ar8 represent aryl group, Ar1 
and Ar2, Ar3 and Ar4 f and Ar5 and Ar6 may form a 
heterocycle containing nitrogen together with N combined, 
each of R1 and R2 denotes a hydrogen atom, straight- 
chained, branched, or ringlike alkyl group, aryl group or 
aralkyl group, each of Z1 and Z2 represent a hydrogen atom 
H, halogen, straight-chained, branched or ringlike alkyl 
group, straight-chained, branched or ringlike alkoxy group or 
aryl group, X represents allylene group, and X is preferably - 
(A1-X1 1)m-A2- In the formula, each of A1 and A2 
represents phenylene group, naphthylene group, fluorene- 
diyl group, X1 1 denotes a single bond, 0 or S, and m 
denotes 0 or 1 . 
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££HU Ar, tAr 2 , Ar 3 tAr, J3 
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[fUSS 1 ] -JtWWBBfc. HR* ( 1 ) (ft 1 > 

Ar 4\ / Ar 3 




Ar, -Ar 8 JJ»&fctti*S8l*>7>J-/W 
«£HU Ar, tAr 2 , Ar 3 tAr 4 fc 

\.mm i hr« ( i ) x'mtihfc&fa^&^ 

- (A, -X„). -A, - (2) 

A t *3<£tfA 2 ja»4«4*WK07x-I/ 

llftji«3 ] HR* ( i ) •cftefifcfc****** 



[00013 
[0002] 



(1) 



BEL*?) aflH&Sflfc CAppI. Phys. Lett.,JK 
913 (1987)] . ^DKIMBOmi. 38fcttW«fc£ft 

<vw.mm£.x\ fmwmx-h*) . *fc®*K*« 

fc£*tf)B»*a»W-*£i:fc*9. ««*>fe («i 

t^fe) ojued^T**. £<oj:3 

[0 00 3 3 jE7LaA«BS«^tT, 4. 4' -tf* 
CN-7xX/P-N- (3" -^f;1^7i-;H 75 

J. Appl. Phys.,_27_, L269 (1988) } . jEfli* 
AttaBTOfc IX . 0tttf . 9,9- VTWHr- 2 , 
7-t'X (N, N-y^x-^TSy) V)\/*VVW& 
*C«itf. 9, 9-^^-2, 7-h'X(N, N 
-y'7i-;i7S7) 7/M-i^y} zmi&zbtf&M 
§*VO*4 (if$gg¥5-2 54 7 3-*§-&#) . L*>U=fl: 

4. 4' , 4" -h'M CN. N-x7xx;WT5 
y ) j. y 7 x-;PT 5 V ^fflv^WWWBHHFjftW 
*SflTV^i («ilPF6-197 2#fi5«) . ifc, E 
?LaAfSSi^«^ 1 Jfcfri: LT . 4, 4' , 4" -HJ 
X CN- (3"'-^Wx-'H -N-7x-/ir? 

Sg$tlTV^I» OWHT4-3 08 6 88-9&*) . t* 1 

~Mmztitzwm%mm=Fmitix^z> . 

[0004] 
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[0005] 

KSofc. t%b*>. 

©-*t*>W8fc, HRsS ( i ) <ft2 ) T'fi$ix?>ft 



[0006] 
[ft2] 




Ar, -Ar, !4«i4fcJ4*«^7y-^ 
»£HU Ar, fcAr 2 . Ar 3 tAr, 

*WMtt**LTVvCfcJ:^*«u Ri fcJ:tm 2 
79A*A***U Z, fcJ:tfZ 2 Ht**BFP. ao 

©HR* ( 1 ) T3iS;h.*ft£iW:*Hv^ Xj&HRjS 

( 2 ) ?*3*i4*ra*a»o^*iw&«#r\ 

- (A, -X n ) . -A, - (2) 

A, fcitfA 2 li»»4fcl45ftJHW)7x-t' 

wmm=f-ttz\mMm=t*mi. mitotan 



Ar 



Vl— X — N — l W- 
Are 




Ari -Ar, J4aBftifcJ4*WW)T'J-^ 
S£*U S6fe. Ar, fcAr 2 s Ar, fcAr, fc 
i:yfAr 5 tAr 6 (i^LTV^g^S^t*(C#g 
XWrattBftUCVvtiiVMMlU Ri £=fc#R 2 

[0 0 09] HR* ( 1 ) twfcVVt, Ar, -Ar 8 ii 



(1) 



ohr* ( i ) Tmtink&mztt'tzmtf. m. 

©HRsS ( 1 ) TaSsrUft^ftfc-Mrf****. &3fc 

arc* I. Qtmco^mm^mm^ 
iao)~®iov^-m*>{=iB«o^iaii#i(i3K«^, trot 

[0007] 

-Jtot ( 1 ) (ft 3 ) TiSSftSft-^^SK i: h 1 

[0008] 
[ft3] 



0) 



fctt, Witf, 7x-;w*, 7>hVA*s 

[00 10] Ar, -Arj {i. *F*Kli» 
t>L<(i, S&SfcLT, Aoyys^, 7;W 

r;^df^a, a*Wi7i;-A*-e#Mft* 

5^?Sfiai4fcJi«ft«R 3-20 C7)^SS^#KS 
T'S) 1 ?. JWffiKtt, t>L<{±, Anyy 

m^f. i~i4 wjwm* imm. 1-140 

T/l^dfvg, ft*V^Ht*3HR6~10«>rU-/P«"C 
«HM fclitHWS fix \ vc i> J: v 6-20 
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SI, i>L<li, Anyyiff, sa»i-4«)T;^i' 

31, #t#SU~4tf)7/l'3*i'S, &6UU$**&6~ 

J: v vBJftXft 6-16 <nmM£%m&X'h h . 
[0011] Ar, ~Ar 8 tfMlttWfc LTIi. 09* 
If. 7xX/P£, l-*7f-rt*. 2-?-7^2, 2 
-rvbUA*. 9-rvb'J;wa. 2-7;^^-^ 
36, 4-3-/'J/P3S, 4-ey^>3S, 3-tu^;w 

3S, 2-eU^S, 3-7'J;U3l, 2-7'J^. 3 

-f-xx/|,£, 2-**"r/un«. 

2-^^/* d f'tvy;HSs 2~* 
yVf-rv u /H£ , 2 vm s vn&. 4 - * 
f^7x-;H> 3-*f-/k7xx;i^, 2 

x^/Pg, 4-Xf-/U7x^S, 3-X.*)V73.-)V 

31, 2-xf-;W7x-;HS. 4-n-rotr;W7x-;w 
X. 4— -fV7ne/U7xx;i^, 2-> fvrnt/l^ 
x-;W*. 4-n-7f7l/7xX/l/£, 4-^V7-f;W 
7x— 4 -sec -7^7x— ;U3S, 2 -sec - 
7*f-A-7x-;HE. 4-tert-7^-;W7x-/PS. 3~ 
tert-7^-;P7x-/PS. 2-tert-7f-;W7x-/l/ 

31, A-n-^y^ivyx~)vm. a-aww? 

x-;PS, 2-** / 0'?-^7xX/U£, 4-tert-^ 
>-?-;U7x-;l'3S. 4-n-A.if^;W7x-;U3l. 4- 
(2' -z.+)V?j-)l>) 7xX;l^|, 4-n-^.7f-^ 
7i-;«. 4-n-jr^f-;l-7x-;HE, 4 - (2' 
-xf-;lxv3f^/P) 4-tert-^^^-;W7 
xX;U3S, 4-n-f^7x-;H, 4-n-h'r^ 
;^x-;«, 4 — n — t b 7f^7x-;H, 4- 
v-^n^yf-;l^7x— ;HI. 4-y^o^yil'7x- 
)Vm, A - {A' -X+iVi/fW^i/JV) 7x-/l/ 
31, 4- (4' -tert-7>/l'£'?n'v*v;l') 7x- 
;l/3S, 3-x^o^x;W7x-;l^3S. 2-^n^# 
S/;l/7xx;U3g, 4 -xf-;l/- 1-77^36, 6-n 
-7f-;P-2-^7f-;HS, 2, 4-^f^7x^ 

3fi, 2, 5-^f-;U7x-;l^, 3, 4-x^^7 

x-;Hfi, 3, 5-^f-^7x-;H£, 2, 6 -v.* 
^-;P7xx;HS, 2, 4 - v'x^;W7 x -;HS, 2, 
3, 5-MMf-^7x-/HS, 2, 3, 6-hU*^ 
;l^7x-;HS, 3, 4, 5-bU^f-^7x-;HS, 
2, 6-x'x^7x-;HS. 2. 5-S^V7nt^ 
7x-;W3S, 2, 6-^V7^-/W7x-;HS, 2, 4 
-^'-tert-7^7x-;W3l, 2, 5 -^-tert-7* 
f^7x-/l4> 4, 6-^-tert-7*f-^-2-P<f- 
;P7x-;P3S, 5-tert-7*f-;l/-2-^f-;W7x-;W 
il, 4-tert-7^;W-2, 6-i^^7x^/HS, 
9 -y<-f/L— 2 - 7)V$V-)V&. 9-Xf-;k-2-7 
MtV-)V&. 9-n-'\* : s)l'-2-7)l*V->V 
3S, 9, 9- : J*1-)l-2-7)\s*V-)Vm, 9,9- 
i/Xf-;l/-2-7;^l^-;P*, 9, 9-v-n-To 
t;W-2-77^l^-^S, 



[00 1 23 4-^h i f>'7x-/^ 3-P<h d r^7 
xX/P£, 2-^h J fv7xX/^, 4-Xb*^7x 
-;HS, 3-xh=3f^7x-;HS, 2-xb^v-7xx 
/Hl, 4-n-7o^'df^7x^3l, 3-n-7o^ 
=Sfx7xX/l/£, 4--f77 , a#=*fi'7x-/l/3S, 2- 
^fy70^df^7x-;Wa, 4-n-7 r hJfy7x-il' 
31, 4— f V7h d fx7xX;l^, 2 -sec -7h*v- 
7x-/WS, 4-n-'<yf;W J fy7x-;«, 4- 
'(y^yf^y?!-;^, 2-4 v<yi-jv** 

~/7x-)Vm. 4-^^^/^ d fx7x-;l^3l, 2 
-^^.yf-;^dfv7xX;l/3S, A-xv-^isiV* 
* : s7x-iVm. 2- (2' -x?-;l/7?-;W ) it* ; s7 
4-n-*?^/M-*~>7xX'W3S, 4-n 
-fyW^y?!-^, 4-n-KfyyWy7 
x-;W36, 4-n-f h7fy/Wx7x-;H, 4 
-^^n^^;^^^7 X x;i/3l, 2-^9x1^1/ 
;^y7x-;«> 2-y<h^iy-l-t7^3S, 

4-y« b^v— 1 — 7-7f-;WS, 4-n-7>3fv-l 
-77f-/HS, 5-XhdfSy- 1 — f7f-/HS, 6-* 
Y*i/-2- J )-7+)Vm. 6-Xb#i/-2-t7f^ 
6-n-7h^rx-2— t7f-/W3l, 6-n-^ 
v;W^-2-77t;w3l, 7-^b^fx-2-77 
-f/!/3S. 7-n-7*h*^-2— t7f-/W*, 
;P-4-^b^fv'7xX;HS, 2-^f;H5-^b^f 
^7xX/HE, 3-y<^-/P-5-y< Y^i/7 x.-)V^ 

3- X^-5-y<b^fv7xX;l^, 2-^h*;-— 

4- ^<-f^7xX;P3£, 3-^b^f>—4-^^;P7x 
x/l^, 2, 4-v^l-*S'7xX/W£, 2, 5-i^ 
hdf->7xx;l«, 2, 6-^ b^>-7x^3S, 
3, 4-^bdf^7xX/HS. 3, 5-i^h*i-7 
xX;HE, 3, 5-^xhdri/7xX;k3fi, 3, 5->-* 
-n-7b*:/7xX/W3S, 2-;< b^-4-xb* 
v7xX;W3l, 2-^h^fv—6-Xhdf^7xX;l. 
31, 3, 4, 5-hU^b^r>'7xX^3t, 4-7x- 
;W7xX;l/3S, 3-7x-/P7x-;«. 2-7x^ 
7xX/W3S, 4- (4' -y<f-;ly7xX;l/) 7x-^ 
31, 4- (3' -^/W7xXrt,) 7xX/H£, 4- 

(4' -^h^fy7x-/W 7xX/P3S, 4 - (4' - 
n -7hJfy7x-/l') 7x^;Hi, 2- (2' h 
*i/7x-)l) 7xX;P3S, 4- (4' -^OD7xX 
)V) 7xX/W3S, 3->f^-4-7x-/P7x-/P 
31, 3-y< h^^-4-7xX;W7x-;Ua, 9~7x 
x;P- 2 - 7;^Vx;P3l, 

[0013] 4-7/M-07xX/Wg, 3-7/W*07 
x-;HI, 2-7;^n7xx;u3S, 4-?nn7x- 
;l/3S, 3-^on7xx;Uifi, 2-^na7x-;H, 
4-7o^7xX;HS, 2-7o^7xX^3S, A- 9 
no- 1 — 7-7f-;l/3l, 4-7nn- 2— f 7*iV&, 
6-7n^-2-t7^;l/3S, 2, 3-y'7/^D7x 
-JVM. 2, 4-y'7;Wn7x^/H, 2, 5-^7 
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3, 4- i JyjU^ny x .-^m. 3, 5 -^'7^07 
x-;ug, 2, 3-v ! ?D07xXrt-£ > 2, 4-^7 
DD7x-;H, 2, 5-^'?nD7i-/H, 3, 4 
-^0071-^ 3, 5-y?nn7i-;H, 
2, 5-y'7'nt7x-/H 1 2, 4, 6-M)?oo 
7x-;i^, 2, 4-^00-1- fy^)vm. 1. 
6-^^00-2-^-7^2. 2-7/M-o-4-;< 
^)V7 x—)V&. 2-7;U^O-5-^^-/U7x-;U 

3-7;^o-2-^^-/U7x-;wa % 3-7;^ 
o-4-^f-;P7x-;^. 2-^^-4-7^0 
7x-;H, 2-^-?-;P-5-7;^a7x-;pas 3 
-^;l/-4-7/l/:*D7x-;i/2. 2-^00-4- 

& 2-?UU-6-X*)V7x.-)V&. 2-Xj~)V- 
3-^DD7i-/H, 2-^fA-4-?DD7x- 

3-^f;l^-4-^on7x^;H, 2-7oo 
-4, 6-v^f-;l/7x-/PS. 2-^h^fv—4-7 
/Wn7x-;H, 2-7;^D-4-^ h^r^7x — 
>l-M. 2-7;^D-4-Xbdf>-7x-;l/a. 2-7 
)V*U-6-X h^fx7x-;Wa. 3-7/M"0-4- 
Xhdfi/7x-;l/S, 3-^OD-4-^<bdrv'7x- 

2-^hdri/-5-^OD7x-^S. 3-^h 
Jfy-6-?nD7x-;«, 5-^00-2, 4- : J 

[0014} HR* ( 1 ) T*a$fU>tt£ft£*3VvC. 
ZMZ. A ri tAr; . Ar 3 £Ar, fcJ:tfAr 8 

mLT^Ti>J:<. ntKlt. -NAri Ar 2 , 
-NAr 3 Ar 4 fcJ:tf-NAr 5 Ar 6 fcHBaSfcti 

-N-7xyf-T^;HI2:^L"CV^-ct)J:<s #i 
Kit. 5fcH8L t>l<ii. W&SfcLT. ^ 

oyyji^ s8R»i~i o<v7iv*)i>m. §mmi~~ 

10<7)7fV>3* : s&. S>«.V^i^lS6~l OOT'J- 
MTCMffll 4 $ fit 1. \ N - 

-7x7fTyM;HtS0. i<omi<tt. *H 

1 0C0TU-yPS-C*S8i*5^{S^«ft§ixTV^Tt 
<tV%- N -^A'V'f - N - 7 x /*t*t*M )V 
fcl>^H:-N-7x/^7i'''0t^T'£> l 9. 

-N-7x74f-9-^;^ *$Wi*iMft<*>-N-7 
x7f-7$^r^ST"*>£. 

[0015] Afrffllfc LTfcL -N-^/I^nV 
2-^f-/l/-N-^;^^/^;^ 3-^/P 



- N - i))V> W A-**)V-H-id)V> )V 
3-n-7*f-/P-N-^;W\*y>f;^ 3-n-^ 
* v/l— N -#/l^V4 JUm. 3 - n N - 

•htoWA >vm. 3 - n -rv^-N-tf/i^Ar ^ 

3, 6-^-f;W-N-*;UAV-f^. 2-*h 
* 5/ - N - )Vm. 3 - ^ h * J' - N - AM* 

*/4>l&. 3-ih^y-N-*;WW;U, 3-4 
Wmjfois-lt-tiMWMt* 3-n-7>*5/ 
-N-^A'V-f/ta, 3-n-;fr?f-;k**i'-N- 
HMW A*, 3 - n -r^;^^>— N 

3-7xX;l/-N-#/W^Af;l/£. 3- 
(4' -^f;|/7x-;H -N-^AY^f/^ 3- 
(4' -tert-7f-;l/7x-^) -N-^W 

S-^DO-N-^/WN'V-f^a. -N-7x7^f 
-t^-f/I^S. -N-7x7fryM/H, 2-^f-/U- 
N — 7x7 •f-Tv^f & <! fc £> . 

[0016] HR* ( 1 ) r*3*l4fc£fllfc*ivvr,. 
R, fcitfR, It®, #(£4£«::®tfc?)7 

JMH 1 . 6 OEM. 4HS4fcJ4«tt<OT/l' 

***4^1 6 <rmm. KittWmcDT V ~)V 

[0 0 1 7] Ri fcit/Ra W»«4^{4*S«lW 
rU-A«<i^i(eWfcLTtt, CTttfs Ar, ~Ar 8 

WKi-Sii:*^**. Ri fcil^Ra c^Eif. 

)i>m, Xf-;l^, n-Totr/Pa, ^fV7°obV^. n 

-mm. -ivy*^ sec -7f-^a, tert-y 

2-x^;P7^S, 3. 3-v^^7f-;P 
B x ^^o^drx/Pa, n-A.7*f-;^> i'^O'vafS/ 
n-^-^f-^a, tert-^^f-;PS, 2- 
x^;l/^^;WS v n-7-;l^S. n-r^/USs n- 
h'-fv-^S. n-f h5fy^H, n -Mtf^H 

ttz, Ri *3<J;^R2 ^E^4Jt(i*Wic7) 

7x^f;H, a-X+)UK>z/JU&. a, a-i/Xj- 
yKyy/H, 1 — *"7f-^f-**, 2-+7+IVX 



(6) 
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> : J)V^ 4-^V7De;KV^H, 4-tert-7* 
i-)V^V s JMk, A-n-^i/lV^yiSlVg. 4-7 

y^isO&Vm, 4-*b*i"<.> : J>l>m. 4-Xh 
^ri/^yS/';^ 4-n-nJfW» 4-n 
-ss.^isiV^vKyi/)^ 4-J-)Vis^l/KyV 

2-?nn^y^ 4-^on^y^^t* 

[oo i 8] z, akr/2 z ^NoyyJi 
?s Ml, 4H»*3fei«fRwr/Wf;i«. S£L #«4 
7t{ilg«OT^n4fxS. *>l>Ui»&4rt:ti*»&0 
ry-;w***U *?4L<J±. **fi^ ^oyyE 
ISMl-l 6<oE0L ^4fcliSRtf>7/l^/l' 

[0019]$, Z! £J:tf Z 2 ffSSK, tmttitim 
VfrTtl*b&)5,1Mk. IXit. Ri 

*A&£Wfct*ZttP?%h. 4fc. Zi tiXX/Zt 

itf, Ar, -Ar, <7)Jlttfllt LT¥fffcWl4 fctt 
*ffi&<7)7 U -/l/SfcWiKt 3> Ck^t^l). Z, Hi 

n-rh^yl, ^y7h*vS. sec -7h^rx 
2-xf-/P7h*x«, 3, 3-^'y 
f-zM-^S. 2-x^-;^^v;W^>'£, n-yx 

[00203 h&5$ ( i ) x-mti^t^za^x . 

H8t5$ (2) -C^§fl5TU-Vy»-C*S. 
- (Ai -X u ) . -A, - (2) 
<*<fr. A, £J:tfA 2 J4B*4fc»4*WW)7x-l/ 



ItttffifcttWMFFfraU m(i0 4£tel 
[0 02 1]HR5S(2) fct$wr, A, fc«fctfA 2 ii 

1, 3-7x-l/VS< 18i^7t{i*Sj|W 1 , 4-7 
x-l^a, «ft*fctt£U**> 1 . 4-^7^-ky 

Wl4fctt*WM>l, 5— f7^y£, SBI4 
fc»i*»IW>2, 6-7"7f-uy£, SSI4fc{±*S8l 
co2, 7-^7f-u-y«. £>&WiM&4j''c«*»&<0 
7)V*VV-2, 7-^)UmTh*). mmK 
li. »4fcl4*WW)l. 4-7x-U>l, S8S4 
fctt*MH0>l. 4-t7fl/>'i > S84fc<i*fflll 
001, 5— *-7*l/y*. ffl«4fcli*SJfltf>2, 6- 

-2, 7-vM;«T'^S» HR« (2) fcfcWC X 
( 2 ) {CtJV^T, mtiOifcttl Sr^-T. -JK^ ( 2 ) 

Kfcwc, m^i^-r^. j;o»4t<{±. A[ {±a 
[0022] hr^ ( i ) X'mztiUb&tofc&^x , 

XtLTii. iO»4L<{i. HR^ (2-a) ~HR 
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^yy^Ajg. 5-t Ka3r^7 7*y?)T/^$-'?A 

h y r^'y^*. ^ y ywmw. 

^ ztwf & i fc s . w . &Awmm* 

[0090] mm6 1 int. stmmmmco^^ 
^t^iMsmmm.^mt:vmmt txm 
mi-&zbm*u\ ffltoztimi-hn&Mtb tx 
{4. mm. yf"7A. yf-^A-^yx^A^. t 

h'J^A. -thy^A-^'J^A-^, 1j)Vi/*7&^ -7 
yv>7A-&&. >f y^'>7A. ^r-^A, f-^^A. 

-7y^y. -f«yhy7A. r/i-s-^A. t^S-^a 
-yf"7A^ rn-s-^A-^/i^Ai^ 

5- i7A--7^^»7A^ /77T^( bSIS^Sr# 
Tt»4<, *>SV^4a»#ffltTt)iK KffiU. -ii 
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utymmm. j^yrv-T-tyym. uxt- 

HRfc, 5~1000nmg^, J: l 9»4t<(i, 
10~5 0 0nmmKlcRj&*-S. », «*HUI%I» 

[ 0 0 9 1 ] *«W»*WHW3(af?fc:*J^r 
li. *<Wr< k -WW*?*;/**- 

•cut, Wc«je^4fc<0'«i*<, Mitf* **Vy. 

«. jEiLayjKiwt-fijaK«^x^ + - 
x%>£<. m&xmvmtmm-m (mm. m. 

OXittW -MJSS^^xyf-^-<7)^*i: tT 
li, *#S<t*Ji iE?li£Af&&JI) 
6^**^)0. 0 1~5 0Mft%, »4t<tt, 0. 0 
5~3 0m*%, i*)mi<lt. 0. l~20Mfi% 

coo92] ]EiL&mm. mm. m^&xmm 
mrnmizmtxn. mzmzt&hoxmK. m 
m. usaaKt. -f sryflaeiRfe, ^ifc^fc <*«. 

K-3-Hg s n-;P3-hffi N 77/5*7 • 7*OHf 

K£3£»£ft:J:9. 

1 0 " 6 Torrmgi3lT<7)*^T t' . 5 0-4 0 0*Cgj£?) 
tf-bffl£ (JMHKUK) . -5 0~3 0 0'Cg£tf)2 
Si&BtC. 0. 0 0 5—5 0 n m/sec gJgcOH^ilg 

iLtMts i k ft: j: o , mmiz-mmxf^m. 
%mmttW£t&zttf?z&. mmmmzx 

tz&x- v zm^zmsm lx . mmth ztm 



[00933 msmmiz j: "j . m*mmh%&. 
mmmhmbhwtwmttM yy-mm 
m^mm. iwtmz*txmmbi-z>. je 
nmMmm. mm. m^mmm^mmmi 
o^uyy-mm LTii. mm. *'j-N-t*x 

/MtfrW-fr. XVTVls-b. tf\)X+ls>. m 

*-K tfUTS h\ #»M 5 H, #U75 F4 5 F„ 
XV'^i/uy. acyx*i/y, #y7xsi/m 
1H H, tfUx-r/loU'?*;^ sK'JrxyytiiiX 

±V*«BWW(c, ^Uf-xxi/yh'xv^iJitX-eogl 
[00943 ^MS&ft; J; 0 . 

#«*»*"t*jR#**v^i^ja^i: A>f yy-mm 
mz. m^zmmm mm. ^*^y. *??y. 
r^y. b>i-xy. * i svy. ifjKy^. i-^c 

?nMt/y^hy»> Mitf. y?n^ 
7oq*u. f h7?oD^^y, y^oai 
^V, MJ^ooi^y, fb7?noij'y s ?oo 

yyfl«flyic«»jwt. mm. m^i-fv. m?i- 
)v. WKr§A*nx.x?Mm*L mm. 
A^. 7o;v-;k y^y-;u s *<yfJ-)V. 
j-iv. is9ws.**)r;-)i. *i-)V*.xiV ivr . x^- 

#Ri£. vV^x-r/t/, rh7tpD75y, 

r-y-fl4W)x-^;wftj«». mm. 

K7$h\ 1, 3-^ 

m?)Wmm hXV/ttzteMz®M. 4fctt4Mft 

[00953 ^. 4rtW**lfei: trii. »WR5et* 
fflv^m&i l «ft:7i-tSc1-|»c:t* J t^-S. MffiJgcoiUg 
fct&ZttfX'Z. -mizli. 0. l~5 0M»%g 

&.mi<a. i^3on&%w£c?>m&®mx'b 
h. &. am yy-®mm-?z>%&. *<n>mmz 
Mtxa. mzmfet&t><7)X'm^tf. -mzu. & 
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#*#«>tt*fc*fl/C> . 5-9 9. 9S*% 
gjg. #*U<li. 10~9 9M*%gg. iOSftfcL 
<ti. 1 5~9 0m*%§J£t!&5£-fS. 
[0096] jEftaAIKiWK IBM, «?&Uft2*« 

t, 5nm~5jum^KRj&f-*£i:j&«jffiU*. 
ft. fl*U*Ffc*fU l»W*a*i:tf>«ll*l»jL 

£. A-^^y. 80^^97 4 yyay* 

ya-y«B. x^yyua-yglfli. *yx*u 

xfvx #y7x-i/y**iM H) . uttttm (« 
sta^x. &giHbft. &wm\m. &m§m<m. 

[ 0 0 9 7 ] * fc . LT . 0Uff . £S 

fcsttairfcfcT&i. ifc, mm. nsnm^ 
mm. #«yyft-a*, d^J^y ^#&7$yf* 

7*o^7-y*KWfo&»&J*4JMiM (*I8M) 
*R»t*ikfcT**. «ff, 0UfcT. HUB* 

zvmz. mm. T>*-7/mnk*.m. t> 

[0098] 4MofflMMfJfcft*?tt« K 

ssra&awsm i/cftfflSfi&a*, 
ti^ESHBiaioaf^fc lt «, ami- 1 z & . 

epsuWEii. HRt. 2~3ovgjre»*. 
^)*»WHft3e3imi. 0uif . ;<*/i®Ei8. #a 

[0099] 

[mm] JUT. IEIMfcJ:D4^*^<cB*<cK 
*K 

f§200nraO ITOafiWW (Hff) #9 
«WHBK, 7-trl-y. x*y-A*JHwai 

fcfflfcLfctfc, If«53Xl 0-«TorrKjSffiLfc. 2 
"f . I TOj§<«fiLttC. 0ti«ff:6ft**A- 1 <n>tt& 



ft£. mmm.0. 2nm/sec •T75nm«W3fcjli 

x (8-^yy/9-h) r*$-«7A*. ^«seji 

0. 2nm/sec "C5 0 nmtf>»S£JR*U «?ixA 

LT. ^*5"7A4:*t3i«aao. 2nm/secT 
2 0 0 nmO«££ft!I* (ftftttl 0:1) LTPiffi 
tU ^«!Wfc#*?*fl*Lfc. ft. £*ti. US* 

Ji. 6. 5V v il5 80cd/m2 OtlfecO^* 4 *! 

5 8 0 ^fS!Tj>-5^. 
[0 1 00] 501012-3 1 

i\L-m$^A-2cr>fcG® (HM0J2) s 

cms® (Hifi«4 ) . M^tt&im^A- 1 o^-fb^ 
« (mmi5 ) . M^tt&vm^A- 1 3<r>^m (n 
ssm6 ) . m&ismmA- 1 5^^tD (umpij 
7 ) . mtt&m^A- 1 9<ni\±y» (mmms > . 

t#fc- 3c^fb^ft (HtfeMi o ) , M^{b^ft## 

D-3i0-fb-g« (Htk0!l 1 ) . fi?9^^fiJ##D-5 
tO^^ft (Hife^Jl 2 ) . ^b-^f?J##E - 3c0{b^ 

m (tmm 13). tw^^ft## e -s^^t (n 
56^14) . mit-sm^E - 9 coitus (mm 1 

5 ) . M^t^ft##E - 1 oo-fb^ft (mm 1 

6 ) . mft&m*E-i 6cr>itit® (HMtni 

7 ) . «5Hfc^i«»E- 1 8^-fb-^j (mmmi 

8 ) . mmttmrnE -22 <r>^m < Hst0fl 1 

9) . »b-^Hj#-^E - 2 4^-fb-^ft (HM0H2 

0) . «wft^«»9F-5<0ft^« (HiS0fl2 1 ) . 
0IJ^ib^ft#^F-6cO-fb^ft (HJ&#»2 2 ) . 0iJSfb 
#ft##F-80<fc£!» (HSfe^J2 3) . W^^ftS 
#F-1 2<nit^ (HStfiaj2 4 ) . Wij*fl:-&*##F 

- 1 3<Mtit®i (mm2 5 ) . ^-fb-^ft#^F - 1 

8<Mtam (HUSM2 6 ) . WRft^»fF-2 0« 
-fb-^S (Hftn2 7 ) . CTiK^W^F-2 6(0^ 

ft ( mtm\ 2 8). «^t-&»»9F - 3 o i^b^-ft 
(nss^2 9 ) . mmtismmG- s^t-^m (mm 

W3 0) . ^b^ft#-^H - 2 O-fb^ft ( »l 3 

1 ) tflBBLfcJSWi. ItatWl WE»o*ifefc:J: 0* 

1.2) tr^Lfe. 
[0101] Jt«0iJl~3 

»t«lK*JV^T, jElLiiAliBSJiWJKRfclRLT. 01 
*-fb^ft#-^A - 1 <Mti^*<mthRh 0^. 4, 
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4' -t** CN-7x-/l^-N- (3" ->f;P7z- 
)V) t'7x-/W (Jt&ffll ) , 9, 9-v*f- 

;W-2, 7-t** (N, N-^*7i-;WTSy) 7/M" 
L-y <JM8W2) .4,4', 4" -bVX CN- 
(3"'->f/l'7i-/l') -N-7x— /l/7"$>0 h'J 

?x-)i>7$> iwms) umitzmm. mmm 



1 fcEttO#ifcfcJ: 9*MWW8#***fWU:. # 

W*, tUR»flll« (*2) te*U:. 
[0 102] 
[161] 

SIS 



) 



iofflfttt (sot) fSi 
seas? its «ee (sot: 

(c d/m' ) (V) (h r 



mmm 2 
stuns 

S5JS094 
SUM 5 

mm 6 

SOWS 7 

mm 9 
m&fflii i 

8KM12 
£JMU4 

mfiwi 5 

SUMl 7 
338*118 
&85W1 9 



560 
560 
580 
580 
570 
560 
580 
5 7 0 
560 
580 
5 7 0 
580 
560 
560 
570 
580 
560 
5 7 0 



6. 7 
6. 8 
6. 6 
6. 8 
6. 7 
6. 8 
6. 4 
6. 5 
6. 5 
6. 4 
6. 6 
6. 5 
6. 4 
6. 5 
6. 4 
6. 4 
6. 5 
6. 4 



540 
5 5 0 
5 6 0 
540 
570 
5 5 0 
540 
560 
5 7 0 
5 6 0 
5 5 0 
560 
5 5 0 
540 
570 
5 5 0 
540 
5 6 0 



[0 103] 



[*2] 
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mim grit) 





lo»i#e (sot;) 






■J* 


WEE 


(5 0*0 




(c d/m* ) 

\ KJL S All / 




(V) 


(hr) 


&ttft|2 0 




u • 


7 


560 


#£86092 1 


r ft n 
*j 0 u 


6. 


8 


5 4 0 


3Q6W2 2 


580 


6. 


6 


5 8 0 


mm23 


560 


6 
%j . 


a 


5 5 0 




5 9 0 


6. 


7 


5 7 0 


3BMI2 5 


5 8 0 


6. 


8 


5 6 0 


3£8S0!I2 6 


560 


6. 


4 


5 5 0 




580 


6. 


5 


560 


$mw2 8 


570 


6. 


5 


5 5 0 


/ £MW2 9 


560 


6. 


4 


5 7 0 


3Ufifll3 0 


570 


6. 


8 


540 




590 


6. 


7 


580 


JttfcMl 


300 


6. 


6 


5 


Jfc«W2 


450 


6. 


5 


100 


JfcttW3 


560 


6. 


7 


300 



[0 1 04] HS6M32 

JK2 0 0nm*)ITOiW«ffi(»fi) £3rM>#7 
4>ttffi#L x?y-;l/£fflvvC)B 

fcfflSUif*. H***3x 1 0-«TorrfcjS£ELfc. 4 
■fs I T0389J1MLBw % #»J (f*7xy-2, 5- 
^f/l') fcflGttifXO. 1 nm/sec T\ 2 0nmiOJf 
Sfc3K*U IB-jEft&A*J&*i: Us. «S 
-fb-^HlS^A - 6 iO^ft * „ 0 . 2 n m/se 

fc. acwc, *«>±te» h;x (s-^/uy?/- 

M T/k$->>A£. ^«3IS0. 2nm/secT'50 

ufc. 34>K*«>±te« j*tm** mmmg. 

0 . 2 nm/sec ?2 0 0 n mOJV $ (MJt 

10:1) ixmmtL. nmzmtmnmi 
fc. wants mmmcommmz&'> tzttmmi 

^#h^t. lomA/ctf^^Egjafflrcaasatts 

*fc. ttfflfcU:. 6. 4V, »jg58 0cd/m2 

fe«o«3i&w«Bsnfc. »£<o¥«88tt 1 3 o obsibt 

[0 1 0 5] #?Sfi#l33 

*»Rfc, <MtaSL 7-fe|>/ X^y-**fflV*T« 



CBaSLfcft. 3£*«* 3 x 1 0-«Torrfc»EU:. 4 
■f, ITOjfflBWUit:, 4, 4' , 4" -hU^CN 
- (3"'-^-f;U7i-;U) -N-7x-^T57D h 
Vyx=JbT$>t:mffiULO. 1 nm/sec?, 50 

nm^jpstii»L. m-m&mmmkiiz. 

T\ 0fi5ft£«#*E- 1 2wft^«fc^^y*. ft 

%&M%aRfr$>. 2 nm/sec T2 On m 

comZlz&mm (SftJtl 0 : 1 ) U ^-lEfL^AlBl 
)Sl*3Mafc«*«k U. fc^?. *<0_Lfc, MJ* 
(8-*/'jy?-M 7*$=9A*Jltafl60. 2 
nm/sec ?5 0 nmOJP3t3I*U €?aAili*® 

*0. 2 nm/sec T2 0 0 nm0>m%lZMBt (MM. 
Jfcl 0 : 1 ) LTRIffifc U IffitmSf^l 

fc. mmmmm->t:t*mi 

tmm%T. 10mA/ctfWS18WJtT318HB»S 
tffc. tJWtli. 6. 2V.M570cd/m2 OH 

»£*)¥8BWtt l 2 o om\? 

[OlO6]Hi60IJ3 4 

if $ 2 0 0 nm« I TOjfflMM (Rlffi) «Xf9 
^S^Sr. +ffiSfcSPJ. T-feby. x^y-;P2rfflv^TS 

t=H5£Ufc». ^*H^3X 1 O-sTorrtJSfftfe. 4 
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•f, ITOjWHMLLfc, #'J (f*7iy-2, 5- 
SM*) Sr^«aSO. lnm/sec T\ 2 0nmi05 

ETfcSbfcfc, mmmi3x 1 0- 5 Torrl;:«EL 

ft&33£?S?fa i ^ H*&£0. 2nm/sec T'5 
5 nmtf>W$fc*JIW (SMJfcl 0 : 1 ) U JRZ3SL 

74'5-^*JIMKiS0. 2nm/sec f 50nmO 

JgO . 2 nm/sec T2 0 0 nm«S? fc£3£t (** 

jti o : i > txmti. ttKMM&f-iimi 
fc. <WLfc^«JW^^e8^*^U * 
*$HfflSvT. 1 0mA/cm 2 W^SS®£'CjIJiiBi!)3 
WHfctt. 6. 2V, »£580cd/m 2 con 

ft*5»3i&WBS**ifc. n&cr&tmii 1 4 o obsib? 

[01 07] 0^013 5 
J?$ 2 0 0 nmco I TOSWI (HU) 

4>ttftSt 7feb>\ x*/-A*JBWt« 

(cUfcUiflL £*»*3x 1 0- 6 Torrt«Et^o * 
■f , I TOiWIWLtfc, ffln'ft^WWF- 1 6«Mfc 
■&faZW£WJ%.0 ■ 1 nm/sec t, 2 0nmOJf$t 

t>^MM&&.0. 2nm/sec T 5 5 n mOffS CftH 
* (tlttlO : 1 ) U *IjBl&AlllBWfc*fefc 
IBfclkLfc. Sfcfc. *»±fc, HJ* (8-*/'J 
/9-M 7fl<5-*>AfcJl**S0. 2nm/secT* 
5 0 nm*>JI$fcaS*U VF&Al&aifc bfc. § 
£*tf>±£. vy*s"?Ai:«£. 2 nm 

/sec ?2 0 0 nmOif (SJUfcl 0 : 1 ) 

Lxmrnti. zmnmrnttmit:. ft* 
tj. m^mnftEmmitztzmifoitz. muz 

(i. 6. IV. Mf£.6 2 0c d/m 2 C9ftfeC0?BK# { il 
■Silfc. IMW>4 ! J»»i 1 5 0 OMBTftofc. 

[oi 08] $mm6 

2 0 0 nmco I TOjMWfli (HHE) £W7£>#5 
«t»tE8HB, T-bhy. 3.?J-)Vm^X® 

mmifc. te&Kimmzzm^ximi. § 

fcfflSSbfctt, 3&*«£3X 1 0- 6 TarrfciMELfc. * 
■f , I TO«HB®EiitC. m*it£W&^F- 1 1 *>fc 
2 nm/sec T'5 5 nmflWSfc 



yx (8-dfyu/5-h) r/ws-^Akffbi^k^fli 

•fA-3ftd*lt, H*i»£0 . 2 nm/sec X'4 0 
nm<0*5 WS» (fiUtl 0 : 1 ) U fBfcli b 

36*iS&0. 2nm/sec t3 0nmc?)l¥§tC^ 

*u mmMt&Jitb*:. sfefc*«±fc, -?y* 

i/^ixfc^^. H«3[JgO. 2nm/sect*2 0 0nm 
tf)Jf §fc£ft* (M*Jtl 0:1) btlSffifc U 
WWfcfctfffcfBRbfc. ft. ft*{±. 3&tr«<0«ffi# 
Jifc*->fci*S«lbfc. fWbfclHWWtelHm: 
H8WE*BttllU £$#B&T, 1 OmA/ctfOje 
«MtjrC3tKW8*fe. ttJBfctt. &• 2 V, WK 
6 6 0c d/m 2 W»fi<0»3bWIBS*lfc. 

jflWil 5 0 0effl"C2b->fc. 
[0109JHSIM3 7 

0 0 nm^ITOJMBWS (US) SrfrfS^7 
X*K£, +tt^J. 7-fehy. x^/-A^tjav^"tJ» 

Atuv/*yyijfe»Lfc. Xfc. iToaa«fii: 

(C. h («*¥^^H*5 0 0 0 0 ) . 

fcffK^^fttf^E - 2 lWfl:^**. *4Jtl 0 0 : 

V^T, f-< yr^-h^tiO. 4 0nmc0iEfLaAK 

^3XlO- 6 Torr^«fft7t. JfcV^, *W±iC, 

0. 2 nm/sec T-5 0nmOJ¥§tC^*t. tt^aA 

jlBtiMEO. 2 nm/sec T'2 0 
0 nmOW$t^S# (ttftitl 0:1) LXimi 

bZb. 9 5 m A/cm 2 ams&ffljxk. .8S980c 
d/m 2 WfifcfSOSBejSOTSitfc. )WS^^^i(±2 

8onmc*>-5fc. 

[01 10] HSICT38 
J?$2 0 0nm^ITO^BMfii (RS) 

(fttftJW, 7-feb>. x^y-^SrfflV^S 

A(cuv/*y>uiE»Lfc. jxtc. iTo^m«i± 

{C, #y^f-;W^^UW-h (S* ;s f*)^fi2 5 0 
00) . F - 2 2 <n\\L£m . YVX (8 

-*;VSy-h) 7*5-^A^. -eii-fixfiMJtl 
00:50:0. 50lWC«rt* 3**X^OO 
x^y^jgSrfflv^t. T^-yTa-back 1 ?. 100 

3tH*3X10-«TorrfcJSELfc. f63tl^± 
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fc. -enj/WkK. m^S&O. 2nm/sec T 
2 00nmtf)*Sfc*SI»(MttfclO : 1) Ltd* 

S£**»BmT. 1 5VWESg«ESrEPSDt 
80mA/cm2 WIS* Wl£ . SS580 

C0111] 

mi] mk%%mmw^<nw®wmx'hh. 
[04 ] ^mwfrmm^^<owMwmx>bi. 



[05] ^rtum^^ts^ co-fifnoawflutsf* & . 

[06] W««^^3K*^<O-»|O«EB&«Bi0-CJ. s . 

[07] #!M#?Bfc5^<OH^8lB&ffi£0T'J>&. 
[ 08 ] W««^^tS^cOH?lJcO«lB&1§iS|lTfe & . 

1 «s 

2 us 

3 iE?L&A$fli*Jl 

3 a ]E3L&mm.tt 

4 mm 

4 a 

5 «?&AflK£fl 
5" tt^aA^S 

5 a VfiSEtMmft 

6 US 

7 «ig 



[01] 



[02] 



5 



[03] 



•6 
•5 
•4 

•3 
■2 
1 





[04] 




[06] 



15] 
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